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Abstract 
Today, the majority of deliveries in urban areas take place during the day at times when roads are already congested with other 
vehicles. In theory, shifting some of these deliveries to off-hours would decrease both traffic pressure during high traffic periods 
as well as the time needed to carry out deliveries. However, research has shown that there are also negative effects and that 
different stakeholders have very different points of view. Until today, the pros and cons have not been examined from the 
perspective of the various stakeholders. The questions at stake are whether in certain situations there is overall stakeholder 
support for a shift to off-hour deliveries and how we can assess this support. This paper presents Multi Actor Multi Criteria 
Analysis (MAMCA) (Macharis, 2005) as the appropriate tool for measuring support for urban off-hour deliveries and describes 
the application of this methodology to a case study of a large food retailer in Brussels. MAMCA is an extension of the widely 
used Multi-Criteria Analysis (MCA), and it explicitly includes the goals and objectives of all stakeholders when evaluating a set 
of alternatives. The analysis reveals that, in Brussels, a shift to off-hour deliveries to supermarkets should receive overall support 
because there are no scenarios that score very high for one stakeholder and very low for another and the scenarios that envision a 
high proportion of night deliveries receive a high score. The retailer prefers a scenario with an even delivery distribution 
throughout the day, while the other two stakeholders prefer more morning deliveries.  
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1. Introduction 
A random journey along major motorways and primary roads in European metropolitan areas during peak driving 
hours takes an average 14.1% longer than the same journey would take in uncongested conditions 
(http://scorecard.inrix.com). European freight transport is expected to increase by 39% by 2030 (compared with 
2006) and passenger transport by 16% (Schade & Krail, 2010), so time losses due to congestion will continue to rise. 
Off-hour deliveries are widely considered capable of absorbing some of the traffic network congestion at peak hours 
(Browne et al., 2006; Holguín-Veras et al., 2005). Today, the proportion of off-hour deliveries is rather low. Allen et 
al. (2008) reviewed 30 United Kingdom urban freight studies and concluded that, on average, 4% of deliveries in 
British cities were conducted during the evening, night or early morning (between 7 pm and 6 am). A trend which is 
confirmed by Schoemaker et al. (2006), Dominguez et al. (2012) and Holguín-Veras et al. (2007).  
Existing research on off-hour deliveries reveals that shifting more urban deliveries to off-hours has positive 
and/or negative impacts for different stakeholders. Freight carriers, for example, would be able to reduce their costs 
because of time and fuel gains, and they would avoid parking fines (Holguín-Veras et al., 2008; www.niches-
transport.org). Holguín-Veras et al. (2005), on the other hand, demonstrated that receivers are the key decision 
makers concerning delivery times, and they oppose off-hour deliveries because of the extra costs that they would 
incur. The average citizen would experience safer traffic, cleaner air and more fluid traffic during peak hours 
(www.niches-transport.org). However, there is also a concern that off-hour deliveries might disturb the sleep of 
people living close to the receiver’s premises (Douglas, 2011). Together, these observations make it difficult to 
assess whether it is preferable, in a given situation, to shift deliveries to off-hours. 
Multiple trials and pilot programs have aimed to demonstrate that it is at least possible to shift deliveries to off-
hours. Following the Dutch PIEK project, many European pilot tests focused on the noise nuisance aspect 
(SenterNovem, 2008; www.niches-transport.org; Vlaamse Overheid, MOW, Haven- en Waterbeleid, 2011; Douglas, 
2011). The focus of pilot programs in New York was economic feasibility (Holguín-Veras et al., 2012). Despite the 
great contribution of these programs in quantifying some of the impacts of urban off-hour deliveries, their 
evaluations still do not provide decisive answers regarding whether to shift to off-hours deliveries because not all of 
the impacts are usually evaluated, and the pros and cons for different stakeholders are not weighed against each other. 
To measure support for a shift to off-hour deliveries, pilot programs and trials must be evaluated from the 
perspective of all stakeholders (Ystmark et al., 2014).  
This paper presents Multi Actor Multi Criteria Analysis (MAMCA) (Macharis, 2005) as the appropriate tool for 
measuring support for urban off-hour deliveries. MAMCA is an extension of the widely used Multi-Criteria Analysis 
(MCA), and it explicitly includes the goals and objectives of all stakeholders when evaluating a set of alternatives. 
Section 2 further explains MAMCA. We applied MAMCA to a pilot program that took place in 2014 in Brussels. In 
Section 3, we provide the background to the program. In Section 4, we describe how the different steps of MAMCA 
were applied to the program. Finally, conclusions and possibilities for future research are presented in Section 5.   
2. Multi Actor Multi Criteria Analysis 
Apart from the many before-after assessments, other families of methods that are typically used to evaluate 
transport related projects are also used in the field of urban freight transport both for ex-ante and ex-post evaluations, 
e.g. cost benefit analysis (CBA), social cost benefit analysis (SCBA), multi criteria analysis (MCA), business model 
analysis (BMA) (Kapros et al., 2006; van Duin et al., 2007; Osterwalder & Pigneur, 2010; Suksri et al., 2012; Balm 
et al., 2014; Gonzalez-Feliu, 2014). All these evaluation methods require input and when no before-after 
measurements are done, social and environmental impacts are usually estimated using all types of impact models 
(Filippi et al., 2010).  
Recently, Ystmark Bjerkan et al. (2014) pointed out that pilot programs and trials must be evaluated from the 
perspective of all stakeholders. The evaluation methods that are currently used in urban freight transport were not 
designed and developed from that perspective (Macharis 2005, 2007). Indicators that are used in the widespread 
before-after-assessments do cover, to some extent, the objectives of the various stakeholders. However, they are not 
addressed in a balanced way. When comparing the evaluations of American and European off-hour delivery trials, 
for example, we see that in Europe, apart from the noise aspect, there is a focus on societal and environmental 
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impacts whereas in the USA, there is a focus on the economic feasibility and how to mutually share possible benefits. 
A SCBA also carries within that aspect of evaluating economic, societal and environmental impacts but still is 
developed top-down. It is the evaluator who decides which aspects are evaluated and which are not. In other fields of 
research, methodologies were developed that explicitly include the goals and objectives of all stakeholders when 
evaluating a set of alternatives. Macharis (2000) developed the Multi Actor Multi Criteria Analysis (MAMCA). This 
methodology is an extension of the traditional Multi-Criteria Decision Analysis (MCDA) (Fandel and Spronk, 1985; 
Guitoni and Martel, 1998). MAMCA allows the evaluation of different alternatives (policy measures, business 
concepts, scenarios, technologies, etc.) by explicitly accounting for the objectives of the stakeholders who are 
involved in the decision-making process. MAMCA develops a separate value tree for each stakeholder instead of 
only one value tree for all stakeholders (MCDA). The methodology was developed by Macharis (Macharis 2000, 
2005 and 2007) and has been used for many applications, particularly transport-related decision-making problems 
(for an overview, see Macharis, De Witte and Ampe, 2009). 
3. Pilot program 
In early 2014, for a period of two weeks, the largest Belgian food retailer, which operates 14 supermarkets in the 
Brussels-Capital Region, shifted at least one of its daily delivery trips to two selected shops to off-hours. Trying to 
shift a part of its deliveries to off-hours fits the sustainable entrepreneurship vision of the retailer because its 
management believes that such a shift will decrease costs and at the same time increase traffic safety and decrease 
the emission of pollutants. In the Brussels-Capital Region, however, retail shops are included on a list of ‘regulated 
installations’, which means that they can only be operated with an environmental permit. This permit dictates when 
deliveries and pick-ups are allowed, and most retail shops in the Region are not allowed to receive deliveries at night. 
The permits usually state that deliveries should end at 9 pm or 10 pm, and they cannot begin before 6 am or 7 am. 
For night deliveries to become a common practice, all of the environmental permits would have to be changed, or the 
legislation implementing them would have to be changed. However, local authorities are not inclined to change the 
environmental permits or the legislation in general without guaranteeing that local residents are not disturbed. 
To facilitate the pilot program, the Environmental Agency of the Brussels-Capital Region decided to allow a 
temporary exemption to the rules for a period of one week. The exemption led to a two-part trial. During the first 
week, from Monday to Friday, at least one early morning delivery (between 6 am and 8 am) and at least one late 
evening delivery (between 8 pm and 10 pm) was carried out. In a normal week, there is usually only one early 
morning or late evening delivery. During the second pilot week, from Monday to Friday, one of the deliveries that 
usually take place during the day (between 8 am and 8 pm) was shifted to night (between 10 pm and 6 am). On 
Saturday, there was at least one early morning delivery during the first week and at least one night time delivery 
during the second week. On a normal weekday, a shop receives 4 to 5 deliveries per day. The participating retailer 
took several measures to minimize the noise nuisance for local residents. One shop uses an indoor delivery area, 
while another uses a covered unloading quay. The quietest diesel trucks were used (Euro 6) as well as quiet trailers 
with more rubber and fewer steel components. Each shop was also equipped with a silent hand pallet truck, and each 
driver was provided special training on silent deliveries. The operations at the distribution center and in the shops did 
not have to be changed; only the actual transport and the loading and unloading procedure were changed. The 
retailer already provided night deliveries in other (less densely populated) parts of Belgium and therefore did not 
need much time to change its operations. The retailer preferred not to communicate in detail about the night delivery 
pilot program based on previous experiences with night deliveries in other parts of the country because the 
management did not want the people living next to the shops to focus on the possible noise impact. The retailer 
believed that such a focus would influence the number of noise complaints. By request of the Brussels-Capital 
Region, the retailer agreed to let the communes decide whether dedicated communication was required. As a result, 
for one shop, flyers made by the administration of the Brussels-Capital Region were placed in the letterboxes of 
local residents; in the other shop, flyers made by the retailer were distributed at the cash register).  
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4. MAMCA for the Brussels pilot on off-hour deliveries 
4.1. Step 1: Defining the problem and the alternatives 
The first step in the methodology consists of identifying the different alternatives to evaluate. Because the 
evaluation is based on the outcome of an actual pilot program, our first two scenarios are the pilot itself and the 
‘business as usual’ scenario. Both scenarios cover all deliveries to two shops for a period of two weeks. Four other 
scenarios were then added, and all of the scenarios simulate that the tested solution would be scaled to the 
participating retailer’s other shops in the Brussels-Capital Region. One scenario simulates that deliveries are equally 
spread over 24 hours, which was not the case during the pilot. Scenario 4 simulates a legislation change whereby 
retailers would no longer have to apply for a new environmental permit. The final scenario does not simulate an 
equal spread of the deliveries, but that some of the day and evening deliveries would be shifted to the early mornings. 
The different scenarios are listed below (DD = day deliveries between 8am and 8pm, MD = morning deliveries 
between 6am and 8am, ED = evening deliveries between 8pm and 10pm and ND = night deliveries between 10pm 
and 6am). 
x BAU: ‘Business-as-usual’ - Normal deliveries to the two shops (74% DD, 4% ED, 22% MD and 0% ND); Euro 5 
and Euro 6 vehicles are used.  
x Scenario 1 (S1): ‘Pilot’ - Some of the deliveries to the two shops are shifted to night hours (55% DD, 13% ED, 
13% MD and 19% ND); a combination of Euro 6 and CNG vehicles are used. 
x Scenario (S2): ‘Scaled pilot’ - Deliveries to 14 shops in Brussels (55% DD, 13% ED, 13% MD and 19% ND); 
Euro 6 vehicles are used. 
x Scenario 3 (S3): ‘Scaled pilot – 33% night shift’ - Deliveries to 14 shops in Brussels; deliveries are evenly spread 
over 24 hours (50% DD, 8.5% ED, 8.5% MD and 33% ND); Euro 6 vehicles are used. 
x Scenario 4 (S4): ‘Scaled pilot – no environmental permit’ - Same as S2 but the legislation has been changed so 
there is no individual adaptation of the environmental permits needed (55% DD, 13% ED, 13% MD and 19% 
ND); Euro 6 vehicles are used.  
x Scenario 5 (S5): ‘Scaled pilot – 33% night shift and 25% morning’ - Deliveries to 14 shops in Brussels; the 
majority of the deliveries are carried out during the night and early mornings (37% DD, 5% ED, 25% MD and 
33% ND); Euro 6 vehicles are used. 
4.2. Step 2: Stakeholder analysis 
Stakeholders are any group of people, organized or not organized, who share an interest or stake in a particular 
issue or system (Macharis et al., 2012). The body of literature on urban freight transport and urban distribution leads 
us to distinguish five main stakeholders for urban freight distribution: Senders, Receivers, LSPs, (local) Authorities 
and Citizens. One of the first comprehensive analyses of urban goods movements was conducted by Ogden (1992). 
He identified three main stakeholders with an active role in urban freight transport: receivers, carriers and forwarders. 
Other authors addressing the topic of urban freight stakeholders also distinguish among these three stakeholders, 
although some of them do not consider forwarders/senders and receivers to be separate stakeholders (Taylor, 2005; 
Witlox, 2006; Quak, 2008; Behrends; 2011). The importance of involving policy makers, decision-makers and local 
authorities has been recognized in more recent research (Taylor, 2005; Munuzuri et al., 2005; Witlox, 2006; Quak, 
2008; Behrends, 2011; Russo & Comi, 2011; Lindholm, 2012; Stathopoulos et al., 2011; Ballantyne et al., 2013; 
Lindholm & Browne, 2013; Ystmark et al., 2014). Some authors suggest considering ‘society’ or ‘citizens’ as a fifth 
stakeholder (Taylor, 2005; Witlox, 2006; Quak, 2008). Ballantyne et al. (2013) argued that citizens and visitors have 
an interest in the system of urban freight transport but do not have a direct influence on the system. From that 
perspective, the authors differentiated between actors and stakeholders and also considered public transport 
operators, trade associations, commercial organizations and land owners/property owners as passive stakeholders.  
The theoretical research on off-hour deliveries does not confirm that the same five stakeholders apply for urban 
off-hour deliveries, which is considered a specific type of urban freight distribution. Holguín-Veras et al. (2005) 
were the first to describe the interactions taking place among the different actors in the case of off-hour deliveries. 
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The authors acknowledged that there are both private and public sector actors, but they focused on private sector 
stakeholders: shippers, warehouses, receivers, third-party logistics providers (3PLs) and trucking companies. The 
European research project Niches also approached off-hour deliveries from a stakeholder perspective (www.niches-
transport.org). For them, the three key stakeholders are: the city administration, transport operators and shop owners. 
For this particular pilot program, we considered three main stakeholders because the retailer acts as sender, receiver 
and LSP at the same time when delivering to shops from their distribution centers in the vicinity of Brussels: the 
retailer, citizens and the local authorities.  
4.3. Step 3: Defining criteria and allocation of weights to the criteria 
Each stakeholder uses his own criteria when assessing the different alternatives. These criteria are linked to this 
stakeholder’s objectives. The first stakeholder is the retailer. He initiated this pilot because he believes he can cut 
costs and contribute to traffic safety and a better environment by shifting some of the deliveries to the supermarkets 
to off-hours without causing extra noise nuisance to local residents. In general, his goal is to provide good customer 
service in a cost efficient manner without losing sight of the impact of his operations on society. This approach leads 
to a list of 5 criteria that are based on the lists of criteria for senders, receivers and LSPs that were defined by 
Macharis et al. in 2012 within the framework of the European research project STRAIGHTSOL and that were 
confirmed by the head of the transport department of the retailer. He was not only asked whether he considered these 
criteria to be the most important, he was also asked to weigh them. The result can be found in Table 1.      
Table 1. Stakeholders and their criteria and weights for the off-hour deliveries trial in Brussels. Source: own setup 
Stakeholder  Criterion Criterion definition Weight 
Retailer High level of service Customer satisfaction, deliveries on time and of the right 
quantity 
30 
Socio-environmental concerns Positive attitude towards environmental impact 25 
Profitable operations Making a profit  16.5 
Viability of investment A positive return on investment 16.5 
Employee satisfaction Employees are satisfied with their work and working 
environment 
8 
Security Security of the goods and the drivers; no thieves and no 
attacks 
4 
Local authorities Quality of life Attractive environment for citizens 58.7 
Network optimisation Optimal use of existing infrastructure 21.6 
Social and political acceptance Citizens’ support for measures 9.4 
Cost measures Low costs to implement measures 6.5 
Positive business climate Attractive environment for companies 3.9 
Citizens Safety Positive impact on road safety 31 
Emissions Reduce emissions of CO2, NOX, PM2.5, PM10 26.4 
Urban accessibility Reduce freight transport; less congestion 20.8 
Noise nuisance Reduce noise nuisance 15.7 
Visual nuisance Less space occupancy by trucks  6.1 
 
The second stakeholder is the authorities of the Brussels-Capital Region. The authorities decide whether shifting 
deliveries to off-hours will be allowed, paying special attention to the noise impact for local residents. At the same 
time, the authorities want to provide a sound living environment for citizens and a good business climate for 
businesses. To make the trial possible, a vast amount of engagement was expected from the local authorities because 
they had to make an exception to the rules. To establish the criteria and their weights, one representative of the 
Mobility Department of the Brussels-Capital Region responsible for urban freight transport was interviewed. Her 
answers were compared with the policy choices that are reflected in the policy documents of the Brussels-Capital 
Region. The results can be found in Table 1.  
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 The third group are the citizens, who are the people living, working and spending time in Brussels. They want to 
be able to live their lives as they want in a safe and healthy environment. The trial did not expect engagement from 
citizens. Nevertheless, their active opposition to a shift to off-hours would make it impossible. The criteria and 
weights for this stakeholder were based on a Europe-wide survey of 507 unique respondents that was also conducted 
within the framework of STRAIGHTSOL (Milan et al., 2014). The criteria and weights are shown in Table 1.   
4.4. Step 4: Indicators, measurement methods and impact assessment 
Assessing how well one of the alternatives scores on a certain criterion requires measurable indicators to quantify 
its impact. Within STRAIGHTSOL, the stakeholder criteria were translated into Key Performance Indicators (KPI) 
that, in turn, were linked to measurement methods and data needs (Balm & Quak, 2012). For the night deliveries 
pilot in Brussels, the STRAIGHTSOL list of indicators, measurement methods and data needs was used after 
checking whether all of the criteria were covered by these indicators.  
During the pilot program, 46 delivery trips (taking place at different times of the day) were monitored, noise 
measurements were carried out and stakeholders were interviewed. A distinction was made between early morning 
trips (arrival at the shop between 6 am and 8 am), day trips (arrival between 8 am and 8 pm), late evening trips 
(arrival between 8 pm and 10 pm) and night trips (arrival between 10 pm and 6 am). In total, 8, 16, 8 and 14 trips 
were monitored, respectively. The collected data allowed a mutual comparison between these 4 types of trips. Below, 
the comparison of the four types of trips is described for the indicators for which the impact could be monitored and 
measured: average speed, time needed for loading and unloading, fuel consumption, noise nuisance, emission of 
pollutants and employee satisfaction. Later, we provide a business case analysis (BCA). For the BCA, there is no 
comparison between types of trips but between the three scenarios: the BAU scenario, the pilot scenario (S1) and the 
scaled pilot scenario (S2).      
Average speed. The drivers who performed the deliveries and trips that were monitored were asked to fill in a 
logbook. In that logbook, the drivers noted the exact departure time of their trips to and from the shop. In 
combination with the known mandatory routing between shops and distribution centers, these exact times allowed us 
to calculate the average speeds during the trips. During the night trips, the average speed reached was 48.75 km/h, 
which is 48.02% higher than the average speed reached during the day trips (32.94 km/h). The average speed during 
trips for morning and evening deliveries was somewhere in between because such trips partially take place in 
congested traffic. In the morning, the trips to the shop were much faster than the trips away from the shop (which 
took place after 8 am). The opposite holds for evening trips: trips to the shop were driven when the roads were still 
congested and were therefore rather slow, while the trips away from the shop were much faster. The results show 
that avoiding congested traffic can lead to significant time gains.  
Time needed for loading and unloading. The logbooks also contain the exact starting and finishing time of the 
loading and unloading operations. The results reveal that the time needed by a driver to unload is also impacted by 
the time of day the deliveries are carried out. During the night, it took a driver an average 9 minutes, or 16.73% 
longer than during the day, which can be explained by the fact that there were no staff members present to open the 
door and help the driver to unload. No significant differences were found between morning, day and evening 
deliveries.  
Fuel consumption. The drivers were also asked to fill the vehicle fuel tank at departure from and arrival to the 
distribution center. Partly because some trips did not leave directly from a distribution center but from another shop 
and partly because not all of the drivers followed this directive, we only have reliable data for 26 trips out of a total 
of 46 monitored trips. Because we only have three morning measurements and three evening measurements, no 
conclusions can be drawn regarding fuel consumption during these trips. We did observe, however, that the average 
fuel consumption decreased from 47.64 liters/100 km during day trips to 42.45 liters/100 km during night trips, 
which corresponds to a savings of 10.89%.  
Noise nuisance. The Brussels-Capital Region has a Noise Abatement Law that defines the maximum noise levels 
that can be produced while operating a retail shop (or any other ‘regulated installation’). The amount of noise 
allowed depends on where and when (time and day) the noise is produced. To determine the noise produced during 
the unloading operations at the two pilot sites, an independent acoustic engineering company was asked to perform 
measurements and analyses. At each pilot site, one night delivery was selected for noise measurement. For a period 
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of four consecutive days, the noise level (LAeq) was measured each second (day and night) at one or several fixed 
measurement points to determine the ambient noise levels. During the actual night delivery, mobile sound level 
meters were used to measure the noise levels that were produced during the maneuvering and unloading.  
Analyzing the obtained data leads to the following conclusions. First, at both pilot sites, the on-site measurements 
show that the noise produced during both the maneuvering and the loading and unloading operations (hand pallet, 
doors slamming, etc.) can hardly be discerned from the ambient noise when measured next to the closest housing 
unit (at 31 m and 80 m from the loading quay). Second, the threshold of 66 dBA, which by law cannot be exceeded 
more than ten times in one night time hour, was exceeded twice at the pilot site with the uncovered loading bay and 
never at the site with the covered loading bay. Third, the average noise levels measured with mobile sound meters 
immediately beside the truck were within the allowed nightly maximum of 42 dBA. The average noise levels 
produced during the maneuvering towards the loading bays and parking in front of the loading bays, however, 
exceed the 42 dBA maximum. These noise levels also exceeded the 48 dBA maximum that is allowed during the day, 
which means that if the Noise Abatement Law is strictly applied, despite the fact that measures were taken to keep 
the deliveries as silent as possible, the trucks could not manoeuver legally during the day. It should be noted, 
however, that this law only applies when the maneuvering and unloading are conducted on private ground. When 
such actions take place on public roads, the law does not apply.       
Other than the objectively measurable noise levels, a second indicator for noise nuisance is its perception by the 
local residents. The local residents were informed of the pilot through flyers (in their letterbox or at the cash register 
of the shop) and were invited to file a complaint if they experienced a noise nuisance because of the pilot test. No 
complaints were filed. Sixteen close neighbors of both shops were also surveyed on this aspect. None of the 
interviewees said that they had experienced noise nuisance during the early morning or late evening deliveries 
(which they were already used to), while two said that they did experience a noise nuisance during the night 
deliveries, but apparently it was not bad enough to file a complaint.  
Employee satisfaction. Shifting deliveries to another time of day has an impact on three types of employees. First, 
truck drivers must work evenings, nights and/or early mornings. Second, if deliveries are carried out when the shop 
is not open, shop managers and staff are impacted. All three groups were surveyed, including 11 drivers, 3 staff 
members and the two shop managers. Of the 11 truck drivers, only nine filled in the survey. They were all asked to 
score the four types of deliveries on a scale of 1 (strongly negative) to 3 (neutral) to 5 (strongly positive) (with 2 and 
4 in between). The average scores were calculated for each of the three groups, and these scores were projected to 
the business as usual and pilot scenarios. The results show that the drivers preferred the pilot where the proportion of 
evening, night and early morning deliveries is higher. The other employees preferred business as usual. In general, 
managers and staff prefer the early mornings and have their most doubts concerning night deliveries. The reasons 
they prefer the early mornings concern the fact that there are goods available to put on the shelves early in the 
morning, but there is also staff available to help the driver unload and tell him where to put the goods. The less 
positive experience of the managers and staff with night deliveries is linked to how some of the drivers leave the 
goods in the transit area and do not organize them as the staff would expect. The drivers gave day deliveries an 
average score of 3.11 and night deliveries an average score of 4.67, with morning and evening deliveries somewhere 
in between. The drivers clearly preferred night deliveries. The reasons they noted concern with the lack of traffic 
congestion and that it is easier to manoeuver their truck. The fact that it is calmer in the transit area of the shop was 
also mentioned. 
Business case. Shifting deliveries to off-hours has a significant impact on the retailer’s cost structure, while his 
revenue streams are not impacted (Posthumus et al., 2014). The retailer must adapt his trucks, trailers, equipment 
and shops to ensure that deliveries can be carried out as quietly as possible. He also must prepare an application for a 
new environmental permit, instruct his staff and train the drivers (Posthumus et al., 2014). These costs constitute the 
capital expenditures (CAPEX) of the shift to off-hour deliveries. This shift also incurs a change in operational 
expenses (OPEX). The operational expenses include, first, the transport cost, which includes fuel consumption and 
the labor cost for drivers. Second, there is the labor cost for staff to load and unload the truck at the distribution 
center and to unload the truck at the shop. For this pilot, the latter cost was not taken into account because the pilot 
was too small to identify a significant impact.  
When discussing the impact on cost structure, it is not possible to compare one daytime delivery with one early 
morning, late evening or night delivery. The share of the CAPEX in the total cost of that delivery greatly depends on 
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how efficient the investments are used (both time-wise and scale-wise). Therefore, for the business case analysis, a 
comparison is made between business as usual (BAU), the pilot (Demo) and a scaled scenario (Scaled Demo). The 
BAU scenario reflects normal deliveries for the two pilot shops for a period of two weeks: 22% of the deliveries are 
conducted in the early morning, 74% during the day, 4% in the late evening and none at night. The Demo scenario 
reflects the pilot as it was carried out, with more off-hour deliveries for the two pilot shops for a period of two 
weeks: 13% are morning deliveries, 55% are daytime deliveries, 13% are evening deliveries and 19% are night 
deliveries. The third scenario reflects a fictional scenario: deliveries are evenly spread throughout the day (and night) 
and are applied to all of the retailer’s 14 shops in the Brussels-Capital Region. The analysis reveals that in the Demo 
scenario, OPEX decreased by 8.13%, and CAPEX increased by 24.24%. In total, during the pilot, costs increased by 
3%. When the pilot is scaled, OPEX would still decrease by 11.70%, but the CAPEX would also decrease by 0.63%, 
which is equivalent to a total decrease of 7.84%. The increase in CAPEX can be explained by the more efficient use 
of vehicles when deliveries are evenly spread throughout the day on a large sample of shops.  
4.5. Step 5: Overall analysis and ranking 
Any multi-criteria decision-analysis (MCDA) method can be used to assess the different strategic alternatives 
(step 5). In particular, the second generation multi-criteria analysis methods, including the Group Decision Support 
Methods (GDSM), are well suited for the MAMCA methodology because they allow the inclusion of the stakeholder 
concept through each stakeholder’s own criteria, weights and preference structure. At the end of the analysis, the 
different perspectives can be analyzed (Macharis et al., 1998).   
The chosen method to carry out all the analyses is the PROMETHEE-GDSS method, which is a powerful 
extension of the PROMETHEE method (Macharis et al., 1998). This method belongs to the family of outranking 
methods, which means that the method is based on pairwise comparisons of the scenarios. As an outranking method, 
PROMETHEE computes a net preference flow that measures how each alternative outranks the other alternatives. 
The PROMETHEE II method used for this analysis produces a complete ranking of all of the alternatives from best 
to the worst. 
4.6. Step 6: Results of the MAMCA 
Together, the five previous steps lead to a multi-actor view on the six evaluated alternatives, which is shown in 
Fig. 1. The horizontal axis shows the three stakeholders. For this analysis, the three stakeholders were considered 
equally important and were therefore given the same weights. The values on the left axis represent the score of a 
particular alternative under consideration. This score was calculated through the overall analysis and ranking, as 
described above.    
A first conclusion from the MAMCA is that a shift to off-hour deliveries to supermarkets in Brussels should be 
capable of receiving overall support. All of the stakeholders rank the different scenarios more or less the same, and 
there are no scenarios that score very high for one stakeholder and very low for another. The graph also shows that 
for each stakeholder, the alternatives with a high proportion of night deliveries score well.  
In addition to the multi-actor view, a mono-actor analysis is performed. The mono-actor analysis for the receiver 
reveals that it is very important to him to be able to implement off-hour deliveries on a large scale. Once that is 
achieved, he prefers the scenarios with an even spread of deliveries throughout the day. This result is mainly due to 
the positive impact on three of the retailer’s criteria: profitable operations, viability of investment and socio-
environmental concerns. Finally, the result also shows that the retailer must take measures to increase employee 
satisfaction when shifting deliveries to off-hours because this criterion is the only one for which the BAU scores 
better than the pilot. In his decision on when to deliver to shops, the retailer greatly depends on the opinions of the 
other two stakeholders. For the environmental permits that determine whether night (and early morning and late 
evening) deliveries will be allowed, the retailer depends on the local authorities, and the significant weight the 
retailer attaches to socio-environmental concerns also demonstrates the importance of the opinion of citizens. 
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Fig. 1. Multi-actor view. Source: Own setup 
For the citizens, the results show that the bigger the shift of deliveries away from the daytime (8 am-8 pm), the 
better the scenario scores because of a decrease in emissions, better traffic safety, a decreased contribution to 
congestion and a positive impact on visual nuisances. The scenario that focuses on morning deliveries (S5) scores 
the best because of the high average speed the trucks can reach, which directly influences the important criterion of 
emissions, despite its more negative effect on urban accessibility. Despite their high scores, S3 and S5 do not score 
well on noise nuisance due to their relatively high proportions of night deliveries. This result illustrates the 
importance of taking measures to minimize the noise nuisance when carrying out night deliveries despite the 
relatively low weight attached to this criterion. The importance of taking appropriate measures on noise is also 
confirmed by the analysis for the local authorities. We observe the same preference for the scenario that focuses on 
morning deliveries, which can be explained by the significant weight that the local authorities attach to the quality of 
life of citizens. We also see that social-political acceptance receives the lowest score of the best-scoring scenarios. 
Because this acceptance is mainly linked to noise nuisance, it is an important aspect. In this case, the criterion of 
social-political acceptance shows a relatively low weight, especially compared with quality of life. However, if this 
criterion gains importance, the mono-actor view for the local authorities could be completely different.   
5. Conclusion 
Today, the majority of deliveries in urban areas take place during the day. Shifting some of these deliveries to off-
hours would create advantages as well as disadvantages. The literature mentions time gains, fuel gains, disturbed 
sleep for local residents, increased traffic safety, fewer parking violations, increased operational costs for the 
receiver, fewer emissions and decreased congestion. This combination of expected impacts makes it difficult to 
answer the question whether there is overall support for shifting deliveries to off-hours. This difficulty is deepened 
by the fact that the advantages would mainly be for the LSPs and the citizens, while the receivers and local residents 
would mainly experience the disadvantages. In addition, support for off-hour deliveries also very much depends on 
the local situation, which makes the question even more difficult to answer.  
This paper reports on the application of Multi Actor Multi Criteria analysis (MAMCA) to measure the overall 
support for shifting deliveries to supermarkets in Brussels to off-hours. The analysis was based on data that were 
collected during a two-week pilot program in two shops of a large Belgian retailer.  
During the pilot program, 42 delivery trips (taking place at different times of the day) were monitored, noise 
measurements were carried out and stakeholders were interviewed. These data allowed a mutual comparison of early 
morning (6 am-8 am), day (8 am-8 pm), late evening (8 pm-10 pm) and night (10 pm-6 am) deliveries on a set of 
indicators. A first conclusion to be drawn is that the average speed during the night was nearly 50% higher than 
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during the day. The data also clearly show the impact of traffic congestion: trips to the shops during the early 
mornings were quite fast, while the trips away from the shop were slow. A second observation is that at night, it took 
a driver 15% longer to unload. The differences between early morning, day and evening deliveries were not 
significant. Third, we observed that the average fuel consumption during the day trips was 14% higher than during 
the night trips. The noise measurements revealed that the noise produced during unloading operations could hardly 
be discerned from the ambient noise and was well within the Noise Abatement Law of the Brussels-Capital Region. 
The noise produced during the maneuvering of the truck, however, exceeded the permissible noise limits. Finally, 
interviews with different types of employees revealed that drivers had a clear preference for night deliveries, while 
members of shop staff preferred morning deliveries.       
Identifying stakeholders, their criteria and the weights they attach to these criteria combined with the results of a 
mutual comparison of early morning, day, late evening and night deliveries allowed us to carry out an MAMCA. A 
first conclusion of the MAMCA is that a shift to off-hour deliveries to supermarkets in Brussels should be capable of 
receiving overall support. All of the stakeholders ranked the different scenarios more or less the same, and there 
were no scenarios that scored very high for one stakeholder and very low for another. The graph also shows that the 
scenarios with a high proportion of night deliveries received a high score. The retailer preferred the scenario with the 
even spread throughout the day, while the other two stakeholders preferred more morning deliveries. The mono-
actor analyses of the citizens and local authorities revealed that the noise that is produced remains an important 
aspect if more deliveries will be shifted to the night. The mono-actor analysis for the retailers revealed that a shift to 
night deliveries is only interesting for the retailer when he can do it on a large scale. Overall, the main lesson is that 
there is good potential to shift some deliveries to supermarkets to off-hours. 
The findings in this paper show that it would be interesting to apply the MAMCA methodology when evaluating 
other off-hour urban delivery trials, first because it would provide insight into what the impact of local 
circumstances is to the overall support for off-hour deliveries and second because multiple analyses would allow 
more general conclusions to be drawn regarding the overall support for a shift to off-hour deliveries.  
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